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Abstract: Generic Fourier Descriptors have been 
used for image retrieval [12]. In this paper, we have 
proposed a modification to the Generic Fourier 
Descriptors. We have performed experiments to 
compare the performance of the proposed method 
with the standard method. Tests were performed on 
Set B of the MPEG-7 Still Images Content Set [13]. 
The experimental results show the effectiveness of 
the proposed method. 
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1. Introduction 
 
Much research is being done to develop tools for 
analyzing images based on their content and then 
representing them in a manner that the images can 
then be searched based on these representations. 
Content based image retrieval (CBIR) allows users to 
retrieve images using queries based on sketches, user 
constructed query images, color and texture patterns, 
layout or structural descriptions, and other example 
images or iconic and graphical information. Retrieval 
of images based on the shape of objects in images is 
an important part of CBIR.  
 
Approaches for shape representation and retrieval can 
be broadly classified into contour based and region 
based. Some of the region based methods are moment  
invariants [3] and grid based method [4]. Some of the 
contour based methods are polygonal approximation 
[5], autoregressive model [6], Fourier Descriptors [8], 
distance histograms [1] and chain code [10]. 
 
Recently, Generic Fourier Descriptors method was 
proposed by Zhang and Lu [12] for region based 
matching of shapes. In this paper, we modify the 
Generic Fourier Descriptors method and perform 
experiments to test the effectiveness of the proposed 
method.  
 
In Section 2, we describe the Generic Fourier 
Descriptors for image retrieval. In Section 3, we 
describe the proposed enhancement to GFD. The 
Experimental Setup and Results are presented in 
Section 4. We provide the conclusion in Section 5.  
 
2. Generic Fourier Descriptors 
 
Generic Fourier Descriptors (GFD) have been used 
for image retrieval based on region-based shape 
matching [12]. In GFD, the feature vectors are 
created by extracting spectral information in the 
frequency domain. The Fourier transform is applied 
to the polar raster sampled shape image. Consider the 
image shown in the Figure 1. To obtain the GFD for 
the image, the image is first plotted in polar 
coordinates. The polar image of Figure 1, is shown in 
Figure 2.  
 
  
Figure 1: An Image in Cartesian Coordinates 
 
 
 
Figure 2: Polar Image 
 
Before obtaining the polar image, the image is 
normalized for scale. 2-D DFT is applied to the 
rectangular region in the polar coordinates to obtain 
the Fourier coefficients which are used to construct 
the feature vectors for shape representation and 
similarity measure [8][9]. 
 
3. Proposed Method 
 
We draw an analogy from Color Coherence Vectors 
(CCV) proposed by Pass and Zabih [11]. CCV is 
used for image retrieval based on color. Pass et al 
[12] defined color coherence of pixels as the degree 
to which pixels of that color are members of a large 
similarly colored region. Pixels are classified as 
coherent or incoherent. Coherent pixels are part of a 
sizable contiguous region of similar color while 
incoherent pixels are not.  
 
In the case of shape representation, we define 
“connectivity” of pixels in the image. To compute the 
connectivity of the pixels, the pixels which are set are 
identified. The state of the nearest 8-neighbours is 
computed for each of these pixels. The connectivity 
of a pixel is obtained as the number of set pixels 
amongst the nearest 8-neighbours.  
 
The connectivity information of the pixels in Figure 1 
is shown in the figure below. 
 
 
Figure 3: Connectivity Information for Image in 
Figure 1 
 
Figure 3 provides additional information for the 
image in Figure 1. The additional information is 
added in the Cartesian coordinates. Hence, we obtain 
the z-axis which provides information regarding 
connectivity of pixels. For each set pixel within the 
image, the connectivity can take values 0 through 8. 
A connectivity of 0 indicates that none of the nearest 
8-neighbours are set. A connectivity of 8 indicates 
that all of the nearest 8-neighbours are set. 
 
 
 
Figure 4: Connectivity information in Cylindrical 
Coordinates 
 
Figure 4, represents the image in cylindrical 
coordinates. Cylindrical coordinates ( )φθ ,,r  are 
obtained from the 3D Cartesian co-ordinates (x, y, z) 
as shown below. 
( ) ( )22 cc yyxxr −+−=            (1) 






−
−
=
c
c
xx
yy
arctanθ
             (2) 
z=φ
              (3) 
where, (xc, yc) is the centroid of the 2D Cartesian 
image and “z” represents the connectivity of pixel (x, 
y). 
 
The feature vectors are constructed from the 
cylindrical coordinates by computing the 2D-DFT for 
each value of φ  in Eqn. 3. The 2D-DFT of the polar 
coordinates for each value of φ  is defined as below. 
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where, R and T is the radial and angular resolution. r, 
θ  is obtained from Eqn. 1 and Eqn. 2. This gives a 
set of 9 feature vectors for each image.  
 
The difference between two images is computed as 
the sum of the Euclidean distances between feature 
vectors as shown in Eqn. 5. 
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where, jixf ,,  is a descriptor within the feature vector 
of image x. 80 ≤≤ i  is the connectivity. 
RTj <<0 , where R, T is the radial and angular 
resolution. 
 
4. Experimental Results 
 
Experiments are conducted on Item number S8 
within the MPEG-7 Still Images Content Set [13]. 
This is a collection of trademark images and 
originally provided by the Korean Industrial Property 
Office.  
 
S8 consists of 3621 still images. It is divided into the 
6 sets for testing. We performed experiments on Set 
B. Set B is used for subjective testing. Set B consists 
of 2801 shapes from the whole database, it is used for 
subjective test. 682 shapes in Set B are manually 
sorted into 10 classes by MPEG-7.  
 
We have obtained the ranks of relevant images for 
GFD method and the proposed method. The GFD 
method is represented by “polar” and the proposed 
method is represented by “cylindrical” within the 
legends. In Figures 5-8, we have plotted the recall-
precision for queries performed on the classes within 
Set B.  
Class 4, Set B
0.0
0.2
0.4
0.6
0.8
1.0
0.0 0.1 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Recall
Pr
e
c
is
io
n
polar
cylindrical
 
Figure 5: Query Shape #1171 
 
Class 7, Set B
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Figure 6: Query Shape #1225 
 
Class 5, Set B
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Figure 7: Query Shape #1154 
 
Class 3, Set B
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Figure 8: Query Shape #1185 
 
5. Conclusions 
 
We note that the data set does not contain intricate 
images. In Figures 3 and 4, we see that the pixel 
density is high for connectivity=0 and 
connectivity=8. We believe that the relative 
improvement in the effectiveness of the proposed 
method will be higher with an increase in pixel 
densities for intermediate connectivities. 
 
In this paper, an enhancement to Generic Fourier 
Descriptors has been proposed. The proposed method 
generates information rich feature vectors. We have 
tested the proposed method on the MPEG-7 Still 
Images Content Set. The experiments prove the 
effectiveness of the proposed method. In the future, 
we will study the efficiency of the proposed method. 
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